Encephalitozoonosis is an opportunistic infection in animals and humans. Its clinical form is observed in immunosuppressed hosts. We studied the occurrence of 
&$ HORVÁTH et al. Acta Veterinaria Hungarica 47, 1999 Cyclophosphamide (CY) is an immunosuppressive, cytotoxic drug, a chemical derivative of mechloretamine (Boumpas et al., 1993) . CY has been used in the therapy of neoplastic (De Forni and Armand, 1994) and autoimmune diseases (Bradley et al., 1989) . The immunosuppressive and cytotoxic effects of CY are based upon an alkylating reaction with cell DNA (Steinberg, 1993) . Haematological toxicity is its best-known action. CY suppresses all cell lines within the bone marrow. Maximal depression of circulating granulocytes and lymphocytes occurs at 714 days after treatment with a single dose of CY (McCune et al., 1988) . Similarly, a single dose of CY led to a 60% decrease of both T and B lymphocyte numbers in the spleen (Austin et al., 1997) .
The aim of this work was to study the relationship between the quantitative changes of peripheral leukocyte count and the occurrence of clinically manifest encephalitozoonosis in rabbits immunosuppressed with cyclophosphamide.
Materials and methods

Parasite
A rabbit isolate of E. cuniculi (provided by a laboratory of O. Ditrich, Parasitology Institute, Czech Republic) was grown in E-6 cell (Vero green monkey kidney cell) for provision of spores. The cells were cultivated in modified RPMI 1640 medium supplemented with 5% fetal calf serum. The parasites used for inoculation were freshly collected from the culture supernatant after centrifugation at 400 g for 30 min, washed by centrifugation in phosphate-buffered saline (PBS), counted on haemocytometer, and adjusted to the desired concentration.
Animals and experimental procedure Forty New Zealand White rabbits of both sexes (4 months old; 2.5 ± 0.5 kg in weight), free of E. cuniculi, coccidial and Pasteurella infection, were used in the experiment. Four groups of ten rabbits each were housed under conventional conditions with free access to water and feed. 
Indirect immunofluorescence antibody test (IFAT)
The IFAT method was used to determine specific anti-E. cuniculi antibodies. The method was performed according to Chalupský et al. (1973) . Fresh suspension of E. cuniculi from tissue culture was placed on each well of a slide. The slides were air-dried for 24 h, then fixed in absolute acetone for 15 min and airdried. Rabbit sera tested were serially diluted beginning at 1:4 and ending at 1:512.
Each of the wells on the slide was covered with 10 µl diluted serum, and slides were incubated for 30 min at 37°C within a moist chamber. The slides were then washed twice in distilled water and PBS at 10-min intervals. Following air-drying, the wells were covered with 10 µl of swine anti-rabbit immunoglobulin fluorescein isothiocyanate conjugate (SEVAC, Prague) of 1:160 dilution. After 30 min at 37°C the slides were washed and air-dried. Then they were counter-stained with Evans blue and coverslips mounted with buffered glycerine.
Blood leukocyte count CY-induced immunosuppression was estimated by means of white blood cell count. The blood samples were collected two weeks after primary CY treatment and later biweekly from the marginal aural vein into Turks solution. The cells were then counted in a haemocytometer. Differential cell counts were made on blood smears after May-Grünwald-Giemsa staining by counting 100 leukocytes per slide.
Data evaluation
Results are quoted as the mean ± SEM. The data were statistically evaluated by the one-way analysis of variance (ANOVA) with post hoc Bonferroni multiple-comparison test. Differences between groups at the level of p < 0.05 were considered significant.
Results
Ec + Cy + rabbits showed a significant decrease in body weight between weeks 8 and 12 in comparison to the Ec Cy + or Ec + Cy controls (Table 1) . Three Ec + Cy + animals developed non-parasitic alopecia on the back, incontinent urination, ataxia, torticollis, convulsions, paresis and paralysis of the hind limbs in week 5. These rabbits died in week 6. The above-mentioned alopecia was also observed in the Ec CY + control. Animals from other groups remained without specific anti-E. cuniculi antibodies in the serum until the end of experiment.
Haematological analysis of Ec (Table 2) . Eosinophilia was noticed in week 2 whereas severe eosinopenia was observed between weeks 4 and 6 (Table 3) .
Basophils decreased in two phases, in weeks 6 and 12 (Table 4 ). The number of peripheral lymphocytes sharply decreased up to week 6 (Fig. 1) . Monocyte numbers declined in week 4 and then peaked in week 10 (Fig. 2) . Heterophils decreased in two waves, the first in week 4, and the second in week 12 (Fig. 3) . The results of haematological examinations of the control groups are summarised in the same tables and figures. Table 2 White blood cell count in E. cuniculi-infected rabbits during treatment with cyclophosphamide Same superscript means significantly different group *(p < 0.05) within the same week Table 3 Eosinophils in E. cuniculi-infected rabbits during treatment with cyclophosphamide Same superscript means significantly different group *(p < 0.05) within the same week Table 4 Basophils in E. cuniculi-infected rabbits during treatment with cyclophosphamide 
Discussion
Overt clinical signs of encephalitozoonosis in rabbits are variable, but infection is usually subclinical. Rabbits occasionally develop motor paralysis, convulsions and torticollis (Levkut et al., 1996) . Currently, Pástorová et al. (1997) have suggested that the level of catecholamine is significantly lower in spontane- ous cases of rabbit encephalitozoonosis. On the other hand, carnivores infected with E. cuniculi were found to have retarded growth, total or partial blindness, bilateral thickening of the irises, and dilatation of retinal vessels (Botha et al., 1979) .
Moreover, ocular changes also include superficial and deep keratitis, retinitis and cataracts (Arnensen and Norstoga, 1977) . Carnivores are known to die of encephalitis or uraemia due to chronic renal failure (Stewart et al., 1988) .
We have found leukopenia and the decrease in white blood cell types. The lowest count of peripheral leukocytes was observed from week 4 to week 6 of the experiment in Ec + Cy + rabbits. It is generally accepted that CY has a complex immunomodulatory effect on diverse aspects of the immune response. It is metabolised by hepatic microsomal cytochrome P-450 enzymes to several metabolites such as 4-hydroxycyclophosphamide, phosphoramide mustard, acrolein, and others. These diverse metabolites are responsible for mediating the therapeutic and toxic effects (Fox and McCune, 1994) . Target tissues of CY include the bone marrow as well as lymphoid cells and organs. In the spleen, a decrease in T and B lymphocyte counts was recorded (Ladics and Loveless, 1994) . Previous studies have led to the conclusion that lymphopenic leukopenia is the hallmark of CY immunomodulatory action in peripheral blood (Binta et al., 1996) . since euthymic BALB/c mice had chronic asymptomatic infections, while athymic nude mice of this strain developed acute and lethal infections (Gannon, 1980) . In addition, previous studies demonstrated that pre-treatment of E. cuniculi with immune sera reduced spore viability (Schmidt and Shadduck, 1984) .
Our results showed that a low dose of CY given repeatedly can reactivate latent encephalitozoonosis via immunosuppression. Rabbits under CY treatment appear to be a useful model for the study of immunopathological mechanisms involved in the interaction between E. cuniculi or other microsporidian pathogens and an immunodeficient host. Although the experiment demonstrated that latent encephalitozoonosis developed into lethal disease as immunodeficiency progressed, further studies are required to clarify whether a rabbit must be immunodeficient to become susceptible to manifest form of encephalitozoonosis.
